Experimental Details
The femtosecond to millisecond time resolved IR measurements were measured using the recently described time resolved multiple probe spectroscopy (TRMPS) apparatus developed at the Harwell Research Complex. This has been described in detail elsewhere, [1] but essentially allows the measurement of high signal-to-noise (<10 OD) IR difference spectra with <100 fs time resolution at delay times between 100 fs and 1 ms after electronic excitation of the sample. In the present experiments excitation was at 400 nm with pulses at 1 kHz of < 1 mJ energy and 100 fs width in a 100 micron radius spot size. The sample was 1 mM protein concentration in 20mM sodium phosphate and 300 mM NaCl D 2 O buffer at pD 7.5 (or pH 7.5 for the aqueous measurements) contained in a 50 micron thick flow cell, which was itself rastered in the beam such that a fresh sample was illuminated by each pulse and the entire sample volume was exchanged in each raster cycle. The temperature was 295 K.
The time resolved fluorescence experiment has been described in detail elsewhere, [2] and measures fluorescence up-conversion data with sub 50 fs temporal resolution. The excitation source is a 6 mW 80 MHz beam of sub 50 fs pulses at 400 nm. The sample concentration was ca 50 M in the pD 7.5 buffer. confirming that the I state kinetics are indeed monitored at this wavenumber. Differences between the two spectra reflect both a greater contribution from perturbed protein modes in the T203V/S205V spectra (as expected because the protein will be perturbed by the new charge distribution) and the different mutations. 
